Very few cases of heterotopic mesenteric ossification (HMO) have been reported in literature. This benign growth of bony tissue in the mesentery of the small or large bowel appears to follow repetitive or severe abdominal injuries. This is a case of a 24-year-old male who developed HMO after multiple surgeries following complications of a diverticular abscess.
Introduction
Heterotopic ossification is described as the formation of bony tissue that does not normally ossify [1] . The presence of osteoblasts within the calcified tissue and the formation of lamellar bone make heterotopic ossification a distinct entity from other forms of ectopic calcifications. Heterotopic ossification is a relatively common complication in orthopedic surgery, especially following total hip arthoplasty; it remains a rare event in abdominal surgery. To date, only 44 cases have been described in the literature. The finding of heterotopic ossification following abdominal surgery was first reported by Hansen et al [2] , and the term heterotopic mesenteric ossification (HMO) is attributed to Wilson et al [3] to describe a series of patients with heterotopic ossification of the mesentery following abdominal surgery.
The pathology of HMO remains elusive; however, it is nearly universally associated with abdominal trauma or surgery. HMO commonly presents as either a small bowel obstruction or an enterocutaneous fistula in patients with a history of abdominal trauma and or surgery. Presented here is a review of the literature and an additional case of HMO in a 24-year-old male following a sigmoid colon resection complicated by an anastomotic leak.
Case Report
This is a 24-year-old obese Hispanic male who presented with diverticulitis with pericolonic abscess. The non-operative management failed and the patient underwent an uneventful sigmoid resection. He subsequently developed an anastomotic leak and returned to the OR for a transverse colostomy. He was discharged home after a XenMatrix porcine graft was used to close the fascia of the abdomen. The patient recovered for 4 months uneventfully with 50% closure of his abdominal wound. At that time, he presented back with two draining enterocutaneous fistulas eroding through the XenMatrix. He was taken back to the OR for takedown of fistulas and mesh removal. During this operation, it was discovered that he had three very sharp and large fragments of bone, all very different in shape, scattered throughout his small bowel mesentery with the largest measuring 7.5 cm in length (Fig. 1) . These fragments were all confirmed by pathology to be ossified bone tissue without malignancy (Fig. 2) . Interestingly enough, the bone fragments did not appear to be in proximity of the enterocutaneous fistulas.
Discussion
Heterotopic ossification is a generic term used to describe bone formation in soft tissue and when it occurs in the mesentery of omentum is referred to as HMO. It occurs in the setting of abdominal catastrophes that require multiple abdominal surgeries to manage. The exact etiology remains unclear; however, several mechanisms have been proposed. The theory behind the mechanism of the HMO has evolved over the years and remains to be definitively determined. The original theory revolved around the notion of seeding of osteogenic cells that were disrupted from either the periosteum or perichondrium [4] . However, in our case and others in the literature, the absence of periosteum or perichondrium disruption and with formation of HMO, the seeding theory fails to explain the development of HMO. Therefore, additional theories have been developed and the prevailing theory proposes a metaplastic response that involves four factors that contribute to the development of HMO [5] . First, there must be an initial insult, such as trauma, surgical wounds or sepsis, followed by the release of signals from the site of injury by the initially injured cells or by inflammatory cells. It is thought that bone morphogenic proteins (BMPs) may provide these signals [6] . BMPs are multifunctional cytokines that are part of the transforming growth factor-β family. They have been shown to induce heterotopic cartilage and bone with bone marrow formation in skeletal muscles [7] . Further supporting the metaplastic theory are the histologic findings commonly associated with HMO.
The histologic characteristics commonly found in HMO include fibrous septa entrapping adipose tissue, nerves and blood vessels within mesenteric tissue [8] . The fibrous septa are mainly composed of fibroblasts, cellular fasciitis-like areas and trabeculae of osteoid filled with osteoblasts. Importantly the osteoblasts lack cytologic features consistent with malignancy [9] . The most important histologic feature that distinguishes HMO from extraskeletal osteosarcoma is the "zone phenomena." The "zone phenomena" is described as the immature central portion of the lesion which is typified by hypercellularity, atypia, and mitosis. This is surrounded by primitive osteoid progressing to mature osteoid with an outer zone of mature or lamellar bone [9] . This organized maturation of cells excludes the diagnosis of malignancy.
HMO remains a difficult preoperative diagnosis to make. However, if characteristic CT findings are present, a diagnosis of HMO can be made with confidence. Early features of HMO are usually evident 1 month from the initial injury and include linear and branching high-attenuation structures within the fat of the mesentery or omentum [10] . Just as important as making the diagnosis of HMO, is excluding other intra-abdominal pathologies, which are commonly found in the setting of pervious abdominal trauma or surgery. These include oral contrast leak from perforated viscus or anastomotic leak and active extravasation of intravascular contrast from bleeding. It is also critical to be able to differentiate HMO from dystrophic calcification within mesenteric neoplasm.
Differentiating HMO from extraluminal contrast is that extraluminal contrast tends to pool in dependent areas. In addition, if the contrast leak is due to a perforated viscus, the extraluminal contrast is often accompanied by pneumoperitoneum [10] . The key finding distinguishing an active bleed from HMO is the attenuation of the mass. A mass associated with hemoperitoneum is isoattenuating and HMO being hyperattenuating when compared to the contrast in the abdominal aorta [10] . Lastly, mesenteric neoplasm with dystrophic calcification within mesenteric neoplasm generally has a more punctate or Abdominal wall 9
Clinic history n = 24
Trauma 12
Significant abdominal surgery 18
No previous surgery 4
Presenting complication n = 30
Small bowel obstruction 20
Enterocutaneous fistula 8 Table 1 . The vast majority of the cases occurred in males, with only two cases reported in females. There is a wide age distribution (12 -80 years old), and most cases occurred in the fourth to sixth decade of life. Our patient, 24 years old, is within the age distribution, slightly younger than most patients who were found to have HMO. Nearly all cases of HMO occurred in the setting of previous abdominal surgery, including 12 with a history of trauma, 18 with a history of significant abdominal surgery and only four cases occurring in patients with no trauma or surgical history. The most common location for HMO was the mesentery, with 39 cases occurring in the mesentery and six reported in the omentum. In addition, nine cases reported concomitant finding of abdominal wall ossification.
Patients typically presented by 3 -4 weeks from the initial operation. There was a wide range of presentation times -the earliest being 2 weeks and the latest being an incidental finding in an asymptomatic patient 7 years after the initial insult. Of the 30 cases that reported a complication upon presentation, there were 20 small bowel obstructions, eight enterocutaneous fistulas, one mass effect with pain, and one peritonitis. A small number (n = 4) of reports discussed the finding of elevated serum alkaline phosphatase in patients with HMO. Alkaline phosphatase is likely elevated as a result of osteoblastic activity and bone formation [5] . Of these, three reports noted a peak alkaline phosphatase level occurring around 3 weeks after the inciting event. Similarly, our patient had an elevated alkaline phosphatase of 215 at 3 weeks and 6 days following his initial surgery.
Conclusion
In summary, the case described here represents the ninth case of a patient with HMO presenting with an enterocutaneous fistula, adding to a growing body of literature of this rare consequence of abdominal surgery. The typical presentation of HMO is a young to middle-aged male with a small bowel obstruction or enterocutaneous fistula following major abdominal trauma or surgery. HMO is a difficult preoperative diagnosis to make; characteristic radiographic findings and an elevated alkaline phosphatase in setting of previous extensive abdominal trauma or surgery should raise the suspicion of this rare condition.
